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SEEftHAt    STATMEIT  CF  PRO B1 -pis'. 
The  irotleni  utder   coaei deration  le  fhe  eleetrl* 
flottior  of  tl.e   ffticagc  terclK&l   of  t'F-e   CT:icapo«     ? 
Eoek  lelanjj  and  F«,cli'io  Railwa;/,    "^Le   ci.ioago   teriLlc- 
al"  Includes   tliet   tsrt   of  tl.e  road   lying  tetveec   Blue 
Island   snd    Cl-lcago,    T^.e    ehtnge   ie   to   srpl:'   to    cotl: 
tlie   3urur*ban  nnd   tlie    throu.£l.  trfcffic   Put   not    to   tl.e 
freierl.t    service.    The   ceiioral   treck  la"out    if?  Indic- 
ated on  the   eccon.1  f^.nylnf.-  diagraic,    which   showe   t   hrsnoh 
line  leaving  the  ajain   line  at   G-reshaic  £ii;d   returning 
to   the    fc-sme  et   BIup   Island.    FrEctically  all   the   suhur- 
t&n  service   is   lisnaled    via  the    cranch  line  and  all    the 
ttrou.5:h   service    over  the  cain  lire.    Over   1?.£   trains 
are  handled  dailr  on  this  Qivieiojo*   Ih©  jrojeot  calls 
for  the   electrification   of  hoth  traKch   and  itain   linos. 

UKASCES   ?05    CH15GE  OF  iCOTIVli   F07hn. 
That   the  tlrue  le  quickly  Aypresiglblng  v'hen  the 
Chicago  terminals'   of  the    several   rallv.'&ys  will  have 
to   "be   electrified  vrill   he  adrrdttec   t^y  even  tte  rf=ll- 
wsy  officials.   The   difference   in   ojinion  is  as  to  how 
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soon  this   time  will  arrive.    It   is  not   the   intention  to 
discuss   that   point   here,    the  anthers   simply   stating 
their  ooncluBlon  that   the  time   for   such  e    cheoge  hea 
arrived  in  the   case  of  this  road,   and  at   le&et  two 
others,    This   stetement   is  hacked-ux    'b~  the   fact   thet 
for  son:e   tiEoe  paet   the   F.oci:  Island   has  gained    the  re- 
putation  of  not   heinc  nhle   to   live  up   to  its   schednle. 
Mtich  of  this  difflcultv   is  due  to  congestion  at   the 
la   Salle    St.    teralral.    Another  point   that    is   cansinc 
considerable  agitation   for  c-lectric   service   is   the        ■-■, 
8iao"ke   nuisance.    Although  this   last   point  may  eventual- 
ly prove  to   "be   the   deciding;   one,    it   is  not   given 
much  weight   ir   this  rej.ort,    the  main  reason  for  the 
change  "ceing  as   stated   acove,    nartely:    An  increase   in 
terminal    station  ar^   track   capacity.       "■  -  ' 

If  the  ahove  were   the   only   cenifit   to   he   ohtaired 
"bj  such  a   ch^.nge.    it   Is  douttfulllf  the   change   rould 
ever  he  madet   because   the   investment   involved  Is   en- 
oriLous,    Of  course,    a   certain  part   of  the   Investixent 
could  he  charged  up   against  maintenance,    renewals,    or 
similar  iteras;   hut,    "by  far  the  larger  aiEOunt  would 
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necessarily  te   cocsiderea  as  ac   invoetfLent   and  would, 
therefore,    demand   tte   return   of  a   regular  rtte   of  in- 
terest.  Tlie   sources  of  returns   on   tne   investitent   are 
found   in  tne  possible   increase   in  treffie  due   to   io- 
creased   teriLinel   and   track  cai^acity,    and  also  in  fhe 
Kucl:  lover  itaintenence   end   Oierating-   erjenses*    TtEt   ttc 
last   naaed   itea   is  not   theoretical,    "but   a    euVetenti&l 
fact,    largr  fhan  would    re    exjected,   may  te    seen  ty  re- 
ference   to  tie   firet  anruel   retort    of  the   5er  York 
Centrel   en  the   operation   of  the   electrified    zone. 
The  results   to   to   ottainod  hy   the   chance   in  motive  pow»r 
are    stated    oelow   in   the   order   of  their  iiijortance. 
1.    Increase   in  track  and   teriuinal   capacities, 
,j„  £,    Reduction  in  operating   expenses,         ■- .   ,    .      ^ 

3.  Reduction  in  fflalntenand©  charges*^  s,,  •   ; 

4.  Increase  in  traffic,  •    <<  .        

5.  CocipliaDce  with  possihle   fut\;re   city   orSlnancee 

IKT50r^CTI03:. 
The    original   scope   of  this   investigation  has 
"been  greatly  reduced,    cecause   of  lack  of  time   t©  prc- 
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perly   oerry  out  all   of  fhe  vork.   Sreet    cere  yas   ceer 
given  to  tie  work  ineo  far  63  it  n&s  ircfereese<5jall 
calculations  having    ceen   carefully   ctecked,   Tl.e 
method   used  is  described   quite   full^-,    and   vrae   devel- 
oped entirely  by  the  ai<thors.    It  may   efpesr  to  be 
somewhat   cwiLcereoiriet    tut   it   aust   "ee  rerr.eahered   that 
not   a   single   factor  is  held   conatart.    If   sons    of  the 
factors  vere  assumed   or  cor.sidered  fired   the  iLeth«dl 
becomes  greatly   siiLpllfied.   Moreover,    vhen  looking   over 
the  Dsethode  edveeeted  b^f   the  aiffereBt  authoritlee 
on  the    subject  it   t'Es   found    that    such  meti.ods  vould 
tot  ajLily   to  the   QS-s©  undi^r  ooneldereitiont   as  In  every 
case   t".e   authorities   referred   to  make  assuinptions 
which   sacrafioe  accuracy   for   giinj-liclty    tc   too   great 
en  extent.    Especially  is   this   true   vhen   consicerlng 
the  higher   speeds*    vhere,    although   the   error  is   SK.all 
In  amount    it   fonns  a   large   pereer.tege   of  the  total. 
The   factors  that   are   considered  as  variables   In 
the  fcllovfing  investigation  aret    Schedule   speed,   ac- 
celerating rate,  percept  coasting,   and  the   size  of  the 
motor  equlpcent.   The   data  vaa  worked  up  for  three 

4. 
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acoelerfeticg  ratet  6fid  tlr^e  QO&ftis^  values*    in 
order  to  furnist  sufficient  data  fro:;.  wr.ict  to  cor-    >     • 
struct   curres.   JiuB  line  Tolt&ge  wae   considered   to    ce 
ield  approximately  oor.etfi.i3t   &tiZOO   volts,    tl:e  Inten- 
tloE  "belne  to   deterrLine   tto  lire   drop    froii:   tie  ti-pical 
calculetione  and   tc   use  tte    corrected  line  volta^:©   rl'ien 
dra-rln-  up   the   final   lot^d    curve. 

SSSeHAL  QmZlT<Z   07   IKVESTIGATIOK. 
Tl.e   followire   outline    Inaicates   tl:e   order  Ir 
Trtici:   tV.^3   vaviou:-   factcrr  -rare    conpidered. 
1.    Selectlor    ci'   system. and   sys 
(a)    1£00   volt»    E.C.      ' ' 
(t)   3rd.    r?iil.       "^ 

(c)  :,:uiti:iie  unit  control 

(d)  yotcr  car  -  trailer  operation. 
2.   Frelliclnar^  Setef^inetlons. 

(a)  TT-e  typical  run. 
.:\     (c)  11:6  tyjical  train.   .        ■.  , 

(c)  Train  Sesi stance.         ,.  .  ,        ■• 

(d)  len^tt  of  3top«# 
(a)   SuiL'cer   of  meters 

•• 
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3.    Method   of  ottaiclnt   sjoeo    titue   curves. 

o  (a)   Derivatior.   of  t^'jical   c'r.erecterletioe. 

(t)    rerivaticn   of   speed-tr&ctive   effort 

e  ju&tlcr;. 

:■  ■'^'4.*    K'--'-  *'       "  ••,■:•■    :•••;,.  •■■    ■■  ■     ...  ■  '' ,!  ■■ 

(c)   retertuir^s-tioii   of   specific  niot or 
ctaracter! sties. 

(d)    letermlri&ticn   of  speed-time   curves. 

4. Data   froii   eufVeg.        t''...;'.*^-     . 

(fi)    Scr-edule    speed. 

(c)   Forer   ccnsua.]  tion«  •-  '    : 

(c)      r..Iv;.S.    Current.  -^    «.       .      V 

■  f".    Conclusions.  .•■*'■,       .•,  •  ■  '    -v 

(a)  Variatior.   of  aetemliiiiig   factors. 

(t)   Select! or.  of  schedule   speed. 

(c)    ?electioc   of  accelerstlB^   rate, 

'    '  (fi)   Selection  ef  perce-nt   coastinc.    - 

'■''  Ce)' Salectioxi  of  motor  equijcsent. 

SELECTIOI   CF   SYSTEM     ASL      E^Uin'EFT, 
Tl;ere  are  a   great   nuicter   of   srstems  availacl*, 
njiBy  of  Trl-icl.  ita^,    hovever,    te   re.iected    gjo-rly  on  the 
■basis   of  soodi   ^uogexent.   In  selectitiT  a   s^ste-tL   for 
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this   service   a  lencthy  investlg&tioE  of  ell  possible 
systeUiS  wes  aade,    tut   is   not   Included  ir.    tl-.is   report 
because    of  its  lengtl,    the   results  of  tie   investipa- 
tioD  beine  what  are  desired.    The   s^steuiS   corsidered 
are  eruciereted   below,    «■      t  ■  •. ;,, 

1.  Direct    cijrrert    systems.    •  ■  • 

,■.  ,    •>(&)  Gasoline  -  Electric. 

'       ■  •  (c)  f^torage  battery. 

(c)  60C  vclt  :-  3rd  rtil  or  trolley, 
(c)  320C  volt;-  3rd  rail  or  trolley. 

2.  Alternetin*:  current  systeais. 

<e)  Foly-itfese   systerus.        •  .,  • 

:.(b)   Single- pease  v   ^'     •         '         .    • 

There  are  many   features  th&t   tend    to   eli;..inate 
the  STfsollbne-   electric   systea.   The  niaintenance 
cherres  are  hieh,    and   even  atithorities   favorable   to 
this   systera  ai^ree   that  v/Len  the   fr*>q;iency  of  service 
is   such  as  to  necessitate   over  50f       car  niles  per  day 
the   trolley  or  third  rail    systerc   should   be   ust^d. 

The   stcra£:e  battery  eysteii  hardly  calls  for  any 
reuaris   its  past   history   being   sufficient   to  deter 
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anv  conservative  railroad  csn  froni  coEslderinfc  It. 
its  inadaptability  for  tLis  service  is  30  fipjarent 
that   specific   retsoEs  are   not   necessary.  ? 

-'  The   roly-pliase   systeia  is  also  etiaily  elimlEf..ted, 
Fluoe   It   is  not   in  use   in   thi?   country  at   r resect,    vlth 
possibly   one   erceptlon,    anf    standi  re.   lines  of  apparatus 
have   cot   been  lieveloxed   by   the  maniif act  urine   coicpen» 
lee.    This   eystera  has  srained  a   foot   hold    in  Europe 
because    of  the  eytreiEe   frra-s  encountered,    in  which 
oa?e   it   hf^s    soir.e  sreat   adrantacee,    Fhat   is  here  con- 
sidered  an  ifiit.ortant   iisadv?:  nt8~e   of  the   e^etefc  Is  the 
necessity   for  xore  than  one    trolley  wire.    Other   con- 
siderations  tend   to   eliiuinate    this    system,    tut    rood 
judgement   Is  irobably   the   principal   factor  ir   dic- 
tating  the  uee   of  eoTr.e   other   systeisj. 

Jt  Tnws  founrj,    however,    quite  difficult   to  decide 
betw-een  the   slncle-xliase  and   the  direct   current 
systems.    The  reasoning  involved   in   the   decision   ce- 
i*#er'    the   e7#tetns  i.«   too  lengthy   to  he   it  eluded   here. 
The   principal  ob^iection  to   the   sinele-pht«e   system 
are   Its  ucdeeirsble   operating  features  in  a   service 
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involving,   frequent   and    numerotis   stors.    It   may  also   "be 
pointed   out   that   Vae   decision  in  t'nis   case     is   l&ree- 
ly  dependent  upon  ffce   engineer's   incllnatlona,    tl:ie 
fact  "celng  well   illustrated   cv  two  recent   install- 
etlon?  v'f'lcl:  were  "botl  made  T^y  prominent   engineers. 

A  direct   current    sjetem  liaving  Iseen   selected  it   etil 
reirelns   to   c'r.oose  Ijetreen  tl:©  600   or  1200  velt    eyotoK, 
The  tetdency  Is   toward    the  "higher  voltage*    &.n6   the   latter 
wp/B  the   one   eeleeteS  Tseceuse   it    carries  with  It 
many  advantages  and   few  disadvantages,    and   t^s  already 
teen  detLonstrated   to    ce   entirely   practlee'ble.    The 
development   of  the   interpolt:.  li^otor  has  placed  this   sysi 
teiu  on  an  even  "basis  with  the    standard   600   volt    eyp- 
tem.    It  was  decided    to  use   600  volt   interpole  ii:^otor3   ■- 
opperatlns:  In  series. 

The   trollftv  ayijterQ  was  quic^fly  dlseerded  and  th© 
third  rail    decidec  ui.on.    The   third   rail   1?  to   he 
mounted  In  a  ueinner   similar  to  that   of  the  i.ew  York 
Central  tyje  "hu't   the   rail   section  Is  different.   The 
sectioii  adojted  is   of  the  U  shaped  type*    it    celng 
the  intention  to  jlace   copier  feeders   1k   the   third 


-9?iial  fit     ©a*o  atrf*  al  .i:ot«l©66  &.-?*  $^f  9uq  jjsialoi 

»lZMmtt   Insowi  offSf  •;sf  S^lJS'jJaJurXXjt  XXe*  a«l«^   to«l 
.aieexiaJia   Ja««l:»9(*t'i  tjd"  •&*;«  ttod"  «*«»  .fsfr?^  saolt» 
Zttn  it  5»^<;^flXo8  £!•>•*  -^lirAif  jaitt^  »a*-rT£a>  toA^lfc  4 

it  Sttm  »«.»|;*t'f^   .?t   »3.iV^oarf  ftftJ«rif«M%   <»ao   ».f*  ».»• 

vfi.iftiXB  «-s>i  feoe  ♦8»:-,- ^.i)a8fi5  »ir2:  Ba^  -._.., ,= —    , — i 

aJT  .ftX^^oJ^tojBtjt  'iXetXtaa  «tf  at  0«»» aft* :,j9»«»fc  no&?f 
*s'it  sliJ  &w^i  i*J  '«o»«Ji  ;»Xa4^#*«l  aaCt  Iw     -iswet 

-     QtoJ-oa*  aXoi<T(»lxtX  3  tut  OOi  <d>a£>  (»^  i^«j&i»«jD  «««  #1  •xae;^ 

.»»tT»e  af  -.'is.lttmf^n* 

»^  of  «i   Xla^  ftX-t*   •£??   .flO'iif  »«fei«»i   ti«*  i^'rijft 

MXiJ  »:ft  ai  8*!»6*«t  ti&iioo  ©oaf  i  o>  aotta^tat  fiSt 

•  8 


rail   and  dispense  wltL  a.11   otlier   feeders   if  possiole. 
Ttis  WES   also  one  reason  for   tie    selectlor    cf  tl.e 
1<.00   volt    system.   . 

-    Train  units  ooaioeed   cf  motcr  car's  atid   tpallere 
were   eelected  after  due  consideration  of  tl©  alter- 
native   system,    naicely,    all  motor   car  operation.    It   is 
evident   tnat   tl.e  ado^-tion  of  the   ell  motor  car  eya* 
tem     T'onlc    facilitate   fhe  ffifklng  up   of  trf-lrs  and 
tead  to  redUQe   congestion  in  the  j^ards.   Sue*,  a  oobj- 
■blnatioE  also  tends  to   increase   the  reliacility  of 
service,   liie  moet  iri:rortant   factor  tere   involved, 
however,    is  tie  matter   of  maintenance,    since   it   is 
cLeai:er  to  keep   in  rejeir  a   siiiall   nuiucer  of  largo 
Eotors   than  a  large  nuciber   of   eruell   ones.    TLit    ceing 
#  running  eyj^ense  it   is  an  verj"  icj-ortant   consider- 
ation.   Another  joint   involved,    although   sllgrtl,    for- 
sign  to   the  indicated   purpose   ef  this  peper,   is  th© 
matter   cf  the   first    cost    of  eqlpraent.   Their  are  at 
present    in  use   qu  tris  rallrftad  a  largQ  j:.vga>:er  of  good 
su'curhan   coaches  that  Tould   require  tut    slight   chanc- 
es to  i^ake   theai  adeptahle   for  use  as   trailers. 
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Tierefore,    it  le  evideiit   tL«.t  comcined  motor  car  and 
treller  operation  1?  to  "be  desired  if  sskc  can  te 
aoooffiiliglieQ,  without   too  great  a   sacrafioe  of  tl:©  otl.er 
factors  previousl^^  stated.    B;,'   tie  aQOi)tior.  of  a  Jud- 
icioTis   s;-stei:i  of  ma'iciEg  uj.   trails   aaiue  majr  b©  Ir^kftd- 
led  Id   teriulcals,    snc'a  as  the  laSalle   St,    station, 
vith  as  icuch  ease   as   is  jossirle  with   the  all-aotor 
car   ay  stem.    The   factor   of  teriuinal    station  end   ter- 
ir.inal   tracl<   cs^acitv   is    of  first   ii^rortaEce  Kcd  the 
principal  elertects   of   operation  necessary   to  pro- 
duce the  desired  results  &r6t  A  high  accelersiting 
rate  and  the   acility   to   oxer&te   the   train   froiu  either 
end.   Both  of  tl^ese  re^iuireKieute  aa;r  be  it^t  with  the 
coa.cined  motor-car  trailer   system,    and   therefore   the 
logical   selection  of  the   above   system   follovrs. 

Multii.le  unit    control   is  adopted   in   order   to  fac- 
ilitate  the  ojeratior.   of  thie   train  unit,    esreeially 
at   terminsls  and   in  the  yards.    The   trailers  aiav  read- 
ily be   -^ired   so  as   to  make   the   trein   line    of  the   coc- 
trol   system   continuous   fran  end   to  ei-d. 
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T'ne   following   o&lculationg  are  &11   baaed   on  a 
so   called   typical   run.    This  typical    rut)   v-as  ob- 
tained  from  a   stud^"    of  tie   irofile  and   alignment 
of  tr.e   road  and  represents   average   condltlcne,   Tbr   : 
aasuiLvtioE    of  e   straigl-.t  and  iRvel   run  is   justified 
"becaiise   t>e  eyi sting  grades   are   very   sn.fi  11   and   all 
curves,    calling,   for  a   reduction   in   speed,    are   located 
at   stations.   All    sitnal    stojs  were  here    considered 
as   firsd   stops   in  order   to  give    tre    condltioi;    of  atax- 
Imum   deo-and   on   fhe  equipnent. 

In  order  to  reduce  fhe  aisount    of  ^ii'orlj  ae  far  as 
possible,    it   was  decided   to   deterr-lne   the   coniblna- 
tion   of  motor  cars  and    trailers  which  would   iu^pose 
the  maxircuni  retiuirement   on  the   system,  end   eqnipiuent, 
and  bese   ell   calculations   oc   this    "tyiical   train". 
After  reviewing   the   present   train  malce-U]. ,    it   -was   de-'# 
eided    that   the   typical    tralE   for  electric   service 
would   be  a   four  car  train.   All   the    cor  sic erat ions 
leadin,^   to   such  a   decisioi^   can   not   be    stated  but    one 
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conclusive   staten-ecit   may    ce  uiaoie,    naciely:    The   oecie- 
"h&s  been  made   In   favor  of  a  motor  c&r*»trailer  train 
unit.    If  a   three    car   train  Tere   adoxted   as   the   t;'iical 
train,    var^  little   figuring  would   he   re  .iiired   to 
show  thet   it   would  'be  fiyacticallj-  iriipo«sltle   to  op- 
erate  under  ordinary  conditions   one  luotor  car  and   two 
trailers.   Furthertnore,   a   little  figuring-  trculd   indicate 
that    the   difference  in  maintenance  with   two-thlrdc 
Of  the   cars  oiotor   cera   ana   vrith  all    cars  motoi?   cArs, 
would   ha.r(31y   counterbalance   the  greater  convenience 
of  the  all-Eiotor   car   system.    It   is   jossihle,    however* 
to   operate  a   four   car  train  with  a   oouicination  of  two 
EOtor  cars  and   two  trailers,    and   therefore   the   four 
car  train  was  selected  as  the   t^i-lcal  train* 

Although  the   factor  teaewn  as   train  reeietanc© 

Such. 

een  not   he  very  accurately  deteni.ined,'*  en  equation 
ttAj  "be    selecfeS  as  e   "basis  as  will    give   quite   eetle- 
factory  resiilts.   Much  of  the  inaccuracy  encountered 
through  this  facte?*  Is  due  to  lae"k   of  care,   when 
deciding  xipoc  an  equation,    to   select    such  ar.   equa- 
tion and   constants  as   vill  apjly  to  the   class   of 
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service  iiiider  consideration.   Ttere  are   any  nim-ter   of 
suet  equations  wl:icr:  Lave   tr.e   same   general   form,    but 
involve  different    constants,    tlisse   constants  defending 
upon  the   kind  and    class   Of  service*    the   t^'je   anfl   con- 
dition of  e^lf'Cent,    road  ted  etc.    The  equation  fin» 
ally  adopted   for  this   class   of  service  was  tlie  revised 
Armetrons:   forniula% 

TThen  calculating  fhe   schefiule  sxeed   it   is  neces- 
sary  to   consider  the    tlire   requirei    for   stops.    In 
order  to  liaVe   so&e  "basis  ujon  ^-hich  to  assume  tie  time 
of   stops  note   ras   teV.en   of   the    time   required   at 
present.   Theresults  cttainedirere   surprising.   In 
all  cases   the   stops  were  erceedinfly  long,    coins;  as 
high  as  thirty   five    seconds   in  niaty  irstances  and  l.'^^   ~ 
averaged  ajproxirtateljr  thirty   seconds.    It   was   decided, 
ty  ohservlng  the  actions  of  the  passengers  rhen  leav- 
ing the   train,    that    such  lengthy   stojs  are   not   nee* 
©ssary  and  are  icerel:'  theresult   of  a  herit   of  the 
passengers   of  renainlnc   in  their   seats   until   the  train 
comes   to  a   dead    stop.    It   was   therefore   decided   that   ty 
training  the  passengers  and   giving   siecial   attention 
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to   fhis  metter,    t'ne  avertee  lenerff    of  stop    could 
easily    ce   redi'jced   to   twenty   seccEde,    l-.erice   tLat   vtl- 
ue  tas  been  used   tlrougtout   tlie   calculations. 

Tte   decision  l:as  now  been  carri&d  dovrn  to   tie 
point  of  a   fotif  cc?  tr'alc,    compoeed    of  two  fcotor 
care  and   two   trailers.    The   tendency  is   to   use  a 
small  nTTOber   of  laree  motors  because    of  tl:G   lower   cost 
of  inspectlo.c  and  repairs.    Tie   decision   for  a  two   or 
four  mote?  eqiiipmeftt   is  Sefinately  fized   by  tl^.e   ocE- 
sideration  of  tLe  welgbt   available    for  traction.    It 
became   evident   early   in  the   work  that   the   total 
weight    of  the   car  would   be  required   for  this   pur- 
pose,   thei^elby  necessitating  the  use    of  all   four  arles 
as   driving  axles.    The    same   decision  may  also   be  i-each- 
ed   fror.  andtlsef  ifleir  point,    which  point   did   not   becorr.© 
evident   until  a  later   stage    of  the  work.    The  results 
ehoTR'  th?.t   a  motor  having  a   commercial  ratlner   of  atrroT- 
imately   1£0   E.P,    is  required   with  a   four  taotor  equij- 
Uent.   If  a  two  motdr  equipment   had   been  used   this 
would   necessitate   the   use    of  a  300   H.?.   rcotcr.    The 
largest  motor  y«  t   used   in    such   service  is   rated  at    £C0 
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torse   lower.   Mechanical   ccneiderations  woiild   elso   pre- 
vent  tte   use   of  e  motor   of  tLet    size   under  &  Cbr.    Tl.e 
atove   facte   show  the   necessity   of  usinc   four  li-otcrs 
per   car,    regardless   of  the  advantages   of  the   tvo 
motor  equlxment    In  the  matter   of  first    cost,    lower 
rcalntenance  and   inexection   charges,    etc.     ■    ; 

J£ETHOI   07   OBTAISII^S    SrEiP-TIIE    CtJBVES, 
i'fter  studying  the   various  icethods  previously  veei 
attacking  this   irohlem,    it  v.-as   decided   that   tl'.e   test 
method  rould   te   to   i£:nore  all   such  methods  and   develop 
one   for  the   case   in  hand,   making   such  assumptions 
as  are  allowahle   and    octaining   such  accuracy  as  is 
consistent   irith  unavoidacle   sources   of  error.    In 
attemrting:  to   o^btain   characteristics   of  Inter-jole 
motors,    some  difficulty  !ias  experienced  due   to   t^e    fact 
that   in  every  case   the  motor  ^as   aesigned   for  T:igh 
speed   rather  than  for  short   -run- low   sp^ed  wori:.   As 
a   preliminary,    a    study  was  made   of  the   shapes   of  dif- 
ferent motor   characteristics,    their  variations,    and 
the   causes   for   same^    it   v^as   found    that   the   variation 
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in   s"ha:  e  was  very   srcall   for  wide   rauces   in  horse 
tower  Tier.  coiLj>ared   oc  the   basis   of  iercect   load. 
There   was,    toTavor,    conslderacle  v&,rietioii  in   the   jos- 
Ition   cf  the   curvaf  irith  resiect   to   tha  axis.    Thf.t   is, 
if  the   efflcienc:.'   c^'jrve   v^.^s  xrcduced   iHJtIl   it   inter- 
sected  the  axis*   s.n  entirel;*  theoreticcl   j.olnt,    it   vlll 
Tee   founa   that   the   current   v^lue   fit   the   riint    c*  Inter- 
section is  higher  in    one  case   than   in  another*    and 
also   that    one   efficiex.cv   curve   rises   to  a   hifher 
value   than  the   other    (    considering  coot  or  s   or  the   sauie 
size)   acd  rcoreover,    that   the   cxa've   that   intereects   the 
axis  at    the  highest    current   value   has   the  highest 
BiaxiruU/x;   efficiencv.    Eot*    this   variation   is  ©f. sily  ad- 
justed  by   proierly  ^  ro],  ortioning   the  core   and   cojier 
losses.    If,    as   is   the    case   on   this   project,    the  ruotcr 
is   to    orerate  at   hlfch   current   valiies   for  a  larce  x-art 
of  the   tiite,    it    is   evident    that    t'e   lospes   should    be 
so  rrojortioned  as  to   give  e    lo?'  copj^er  loes   and   the 
corresx  ondingly  liigher   core   lofs.    It    is  also   true   that 
by  altering  tie   armature    sxecifl cations  the   : oint    of 
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iLaximuiii  efficiency  iiift;-    te   shifted   over  e    fairly  lerre 
range.    Tie  aoove    stateu^ents  will    serve   to  indicate   the 
line   of  reasoning   used   to   derive  a   t^jical  efficlenoi' 
curve.    "  Tyiical"  in  this   case,    does   not    impl^  a 
curve   that   will   aj^ly   to   all   railw&v  motots    cut   Is 
limited  to  a  certain  range  and   class   of  service.    For 
axainxlei    In  Jjr.is   ixork   such  a   derived   efficiency  curve 
was   used   for  motors  ranging   in  sise   fron.   75   E.r,    to 
125   H.?,    ard  a    second   curve   wee   derived    for  motors 
ranglre    from  125   to   175   E.F.    It    was   found    cj  ©"bserva- 
tion  th^.t    the   error   introduced    cy   such  a  rcet'od   is 
much   sK^aller  than   those   introduced   through   the   inac- 
curacy  of  the   characteristics   sujj,li6d   by    .«o  ^anu- 
*t-<;turer. 

The  "casis   of  the   folloring  method    of  procedure 
is   the   derivation   of  a    set    of   typical  motor   charac- 
teristics Trhich  may  he  used    for   the   c&lculatioi:   of  the 
speed-tioie   curves,    for  motors    of   various   sizes.    A   set 
of  motor   charficteristicjr,    for   a   motor   of  ajiroyiir:- 
ately   the    yarte    plze     as  it   is   considered  will    ce  re- 
quired,   vere   selected   and   the    sheje    of   tie   efficiency 
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curve  altered  so  as  to  best  suit  tie  servlcet  tne 
oorreei^cnding  neces&ar7  cliaziges  being  luade  lii  tl:e 
otl.er  c"haracterieiics. 

Eaving   Qotained   tl:e  pljaracteristicst    t!he   next   step 
vms  to  derive  ar.  equation   gV.cving  tte  relation  be- 
tween BjeeS*    tractive  effort,    and   out jut.    Tbe  deriv- 
ation  of  pucl:  sn  eqxiatlon  Is  readil"  accoDijllslied 
atd  is   cased   ob  the   siiii]  le   eouatioii   for  o-otor  torque, 

V  ,       r  T^i   7.04   F/S.      .     ,, 

wLere   F   %s  tie  motor  out  jut   in  vrs  tts  6EQ   £  is  tLe 

aroiature   speed   in  r..F,j!I.    T/:e   finel   equation  follors: 

E   I    0 

T   -,  .501- r 

t  ▼ 

where  '"'  equals  t'.e  tractive  effort  in  pounds 

E  equals  tl:e  o^otor  voltage. 

I  equals  t";.e  current  iniut, 

t   equals  tie  percent  efficlenc;'. 

V  equals  tie  speed  in  Mi.  per  rlr. 

A  reascnacle  sttrtlng  current  whb  tien  assuced* 

e.t.,  acout  120  ]  ercect  of  noru.fc.l  full-lcac  current 

and  the  x^roj  er  efficienc:'  taljen  froiu  the  curve. 
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The  acceleration  w«s   ttan  decided  u^oi:  and   the   tractive 

effort   required   for  tLe   sarte  deterrtined    froit  tr.e 
equation 

'^     -(^T    -    e)/   IOC    ^t.        • 
An  allowence    of  10   jercent   i?  made  in  the   ehove   equa- 
tioi:  for  the   inertia,   of  rotating   rtrts.    Ir.   the   equa- 
tion Tt.    is  the   weight    of  tTe   csr  er.xre^eed.  in   tons 
per  motor,    all    calcnl&tloBs    ceinc   "based   ui  on   the  n.otor 
as  a  iir.lt.    E  i?   the    train  resistsrce   in   joiindsi    .   From 
this   ecuation,    may   he    calculhteS    the   net    tractive 
effort   rBouired    for  acceleration,    ^etnmlre  to  the 
tractive   effort   eoustioiu,    E,    I,    acd  ^  are   known  and, 
as   a   first  ajv. roylxeticn,    T    -   H  is   corjeldered    equal 
to  T.    V  ma7  thee  he   solved    for»    the   result    ceirg  an 
ai;proyimete   value.    This   value   cf  V  i?    slightly  high, 
e.?.,    if  the   true   value    of  7  is    rc  E.i.h,,    V  7:511 
golve    out    equal    to   £1,    due   to    the   recrlect    of  trein 
reeistaKce.    Then,    knov-lng   that   the   true   V  will   "ce 
•lightly  lower  than  that   found   cy  the   ei  j-roximetion, 
the   velue    of  the   train  resistance   is   detern-lned   for 

20. 


•'    .*f  001  MM  •  f.*   >-^ 

9arot  art  Be^n^^^-fr-tt*  «!:«o  ♦.f*  *-o   if':\im  ^f  tl  .tT  soJt* 
toii>m  oit  n«iir  &»s*^  ial»<f  n&^li^tmtim  IXa  ♦ircuftta  ^rftci 

jaoT^   ♦    m^cjcoi  est   9^f^tfihs<&^  ntnft  efj      '     '    tflie  a  n» 

•fot  J^•iSt..r}l♦t»6  »t'w»«A3'»is»t  aijrt*  «»ij-  Id  «<rXsv  ai* 


e  veloclt:'   allgLtl;'   lov;er  ttar    tl.e  ajjroxiu-ate  V.    Tl-le 
value   of  H  is   tner  added   to   ti:e  v&lue  T   -   H  wMcI 
was   calculated  acove,    givirg   tlie   total   tractive   effort 
developed,    or  T.    This?  value   ie   ffcen   sucstituted   Ir  the 
tractive   effort   e:uFtior  and   t'-e   true  V   ottaised.    Tlis 
value   of  7   corresj  ondf?   to    tr.e    gj  eeo    of  fhe  trftlt  at 
tV-e   Inetant   tlst   all   rheostat   reaistarce   Is   cut    out 
of   circuit   ard    Ojeration   is    ccn-rcetolng   oxi  tlue  actor 
curve. 

¥e   cow   nave  a    value    of  T  end  a   value    of  V  cor- 
res}  ocding   to  s    giver,   ourrect   valu«  Tl.ie   curreKt   value 
(Or  jercert  load.  )   is   located    or.   tl.fc    ""ti'^iciil'*  cl.ar- 
acterlstic   curve   s'l.eet   ai^a   tl.e   values   of  tl.c    orclcetos 
of  the   tractive  effort  and    speed   curvet.    It   rll3    "he 
noteo    t'-.at   there   fir©  -no  vertical    scales   en  tl.ie   curve 
sheet   ard   the  v^lutje   are    siniily   sit='elfif"2   1e   terms   of 
the    snallfist   (3ivi?ior  ae  e    ucit.    Than,    T-eviug  the   v^.lue 
of  tha   tractive   effort   fit    fbat    ^cint   In  Vcth  tcue^s 
aud   coordicete   divislcce   t'.e   vtlue    of  one   civisior,    lr< 
pounds  tractive   effort,    cev  fce   deterr-ined  tiy  dividing 
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tlie  ETm-erical   vfilue   of  tee   trfictlve   effort   ty  f-.e 
corresponding:  nuitcer   of  divisicEf,    For  example:    If 
tie  v&lue    of  trie   tractive   effort,   as   deteriLined   "cy   tl» 
atove  li-etlod,    vas   foxmd   to  te   £000   pcurds  &t    IOO51S 
load.    tl--e   jercett   load   is  located   on  the   horizontal 
scale   of  fbe   tvTlcal   carve   sTteet  and   tte   vain©   of  the 
ordicate   to  tte   tractive   effort    curve,   at   ttat   point 
le  foiind   to  "be   100   di visions   on   the   coordinate   jap*i»« 
tl-e   value    of  ceh   division  la   tl.er.   enijal    to   20   jouzid?. 
In  exactly  tr.e    ssiue  wa;    tl-e   value    of   one   division   on 
the   sx*-eo.   irdinates  caaj  te   deterridned.     ■   "«'     ^ 

Teruiorary  current   valiies  iLay   fhen  be   sucstitx.ted 
on   the   tyjio^l   cnrve    shet-t   for  percent   load.   The^j   a 
sniall   tatle   i?   drawn  uj.   having   several    coliaLKg,    one 
for   current   values   in  auijereB.    one    for  the  correepond- 
Ing  tractive   effort   values   In   coordinate   dlvlgiore. 
and   one   for  tie  corresponding  e^eed   Verities.   Then  et 
certain  current   Intervals,    say.    eVery   SO   ainperee, 
the  niicher   of  divisions  in  the    ordinates   to  the    ourvee 
are   noted  and   recorded   in   the  «bove   tfcbular  fors:. 
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TV.e  prober   ecalss?  are   tr.er   laid  off   on  coordinete 
paper,    aceclsses  ic   &u..]eres,    and    crdic^tee   in   Totjcds 
tractive   effort   and    s .  oed   in  it.p.l:;,.   TTaen^a  tavi  aanip- 
ulationi?   of  tt^   elide   rule   will   raxiulr  deteritint   tie 
speoo  and  tractive  effort   vt-.luee   correej  ending  tc 
ttie  several  ourrent   values,    wr-icl  Vf^lnes  arts  XIbji  plcl- 
ted.    Tl-is   proceedure   results  in  tr.e   deterrr-ination   of 
speed  and  tractive  effort   ciaraoterietios   for  «   cer- 
tain uiotor,    for  a  tiver  starting   current,    and  for  s  , 
giver  accelarstioE.    It   will    ce   r.oted   fhat   uj.  to   tils 
point   nc  reference   has   beei  cu&de    to  gear  riRtio  and  ap- 
jaretitl"   all   cfclcul^atlcns  are  xade   itoependently    of 
sarce.   Tlie   liianner  in  r}:iou  gear  ratio   enters   into  tie 
deteru^ination  is   indicated   "celov?,    tirce   tr.e   irlxidi&l 
Change   produced  "0;/   tne    variation   of  tie  gear  ratiOt 
all   otluer  factors  rercfiining  tl:e   sftHie,    1?   to  jro» 
duce   a   ctacge   in  acceleration,    tr.e  effect    of  clanging 
tie  acoelerstinfe  rate  le  eeeertially  ereoifririg  e 
ctange   in  gear  ratio,    altlouAl   tie  actual   ratio   is 
not   inown,    Ttfj   claracteristics   for   otler  accoleretine 
rates,    are   readil;*   determined  in  tie   &ar-e  n^nner  as 
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lEdicated   a'bove.    It   "celng  joesitle   to  use  rcucl:   of  tl-.e 
l.reviousl;-   deterruired   dfite.   in  fhe   su'ceec^uent   celoul- 
ations.    (?''or  tl'.e    saroe   iLOtor.  )     •'*'    "  '       ''  '"  ' 

Ik  tils  jro^ect,    cl:aracteri sties   foi»  tl^ree  accel- 
erating  rates,    involving  xracticallv  three   different 
gear  ratios,    rere   calculeted   for  escr-  motor.   The  char- 
acteristics for  several   meters   of  differert   c«r«Mtles 
wore   caloulete-d   in   the    same   ^'&-j *   It  a-a?  he   weil   to 
rote   at    this   j-oict   the  method   of  aistirguishlng  be- 
tyeer  motors,   Ther   conBidering   en  other  aotor,    the   onl;- 
difference  ajjarent   in   the   xrelin-in&r;-   data,    is   the 
change   In   the   value   of  the    starting   current.   This 
method    of  ratir^  a  a.otor  ma;:   seecc  ii-   error   froK  the 
stand-jcint    of  heating    cut   is   entirel;-   al lovable   vhen 
used   for  the   calculetion  of   sjeed   -tin^e    curves.    Bjr 
this  method,    tvo    starting   currents  mty  he   considered  as 
epecifying   two  notors    of  different   ratings   or   the    saitft 
percent    overload.    All   of  the  itotor  charecteristlosr 
shcvn  in   this   rejort   i7.ere    obtained  h;:   the   above  cethod. 

Eaving   obtaln.^d   the  motor  characteristics,    it   is 
'    '     '■""■■        £4.      ■- ■    '         -''     "  '■' 
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a   coiLparatlvely  sii^ple  luatter   to  derive   tr.e   apeed- 
time  curves.   The   calcul&tioEe  involved  1e  plottinfi:  fhe 
various   speed-ti^r.e   curves  are   ondtted  froru  fhis  report. 
Tte  mefhod   of  octaiLinr  the  remaining;  yoirte   on  tta 
epeed<-tiiLe  ourves  ie  that   ordinarily  emplojed  atd  In- 
volves r.o   epecial   features,   toinc  essentially  that 
outlined   in  the  articles  by  5£r.E.?«WyiaEe,    Qn  'Electrlo 
Sailwey  lEirineering,    7ol.3   of  the  Electric  Journal, 

Tie   sxeed-tii&e   curves  for  all  motore  war«  plotted 
WBiner   various  percentages   of  coasting,    the   values 
chosec    ceine,    OSt,    £5%,    and  40%,    A   constant    craking 
rate   of   1»  5   ini.    per  Sr»    per  See.    vas   consioered   to  he 
the   test   value  and  was   used   for  all   curves.   In  ajply 
ine:  those   values  to   the   curves  the   coasting  and  "eras- 
ing  lines,    draws  at   ths  proper   slope,    »ere   shifted 
until  the   curve  w--?  s  found   to  enclosedthe  area  necessarj' 
t©  represent   the  Goaplete  ruii*    the   coaeting  alva^s 
being  maintained  at   the  proper  percentage   of  the 
total   tide.   Sinofall   coasting  value©  were   used  with 
each   of  the   three  accelerating  rates,    1.1,    1.4,    snd 
1,7  i£i.   per  ^r,    per  Sec,    the  resultant   nuxncer   of 
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cTirves   for  e&cl'.  motcr  vas  eithteen,   nice   of  Tlict 
vere   curreii^t    curves.  ,,        ^    , 

V.':'         PAIA  FROM   CUHVZE. 
Eavltif  detenTilced   the  sjeed-tlme  end   currert   cjnrvefi 
the  nej^t   step  is  te  clravv  frou.  swci^  certain  datt  fcr,d 
facts.    Puch   data   1?   iccliiaeS   In  tatulp-^  forr:;   on  eech 
cttr.ve  sheet.  ?roc;  tie  sjeed-tlce  curves  tfc«  schedul* 
speeds   cctelEahle  are   readllj-   calculated.    ?To:r.  the 
ettrrerit  ourvee  it   is  ^ossi'ble  to  deteraiiGe  the  jover 
required   to  ma'k:©   the   run,    rhich   ie  then  errressed   la 
ttriLS   of  w&tt   Hre,   j^^er   tin  iiiile.    U^'  to  tl:ia   tlcae   the 
equijmert  hae  r.ot   heen  considerea   froL.  th«    steed   loint 
of  heating   .    It   wag   originally  intertdfd  to  coneider 
this    thfcse   of  the   sufc^ect   very   fully,    cut    the  tirue 
availatle  dla  not  ife^ru-At*   Ihe  tecdenc;'  in  this  work 
has  "been  rather  to   decide   wl'-at   motor   cheract eristics 
are   required  in   order  to  give   the    cest    aervlceatd    then 
to  require   the  mAnttfacturer  tfb  huild   such  a  cot  or, 
having   the   otei'ating   characteristics   specified,    Siich  a 
method   is   entirely   3uetififeT:le   if  fTood   ^ad2e2:ect   1? 
usea  and  the  oharaQteristics   demanded  are  ooneietent 
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with  the   comaierciA^l    features   invclved.    It   was   for  tlis 
reaeon  than  unusual   care   r&g  exercised   1l   cttaioirc 
the   t7iic£l   ch»^.r£cterietic£  and   selectinc:  starting 
currents.    The  Yicef.n  I^   iras   ealeuleted,    however,    for  oah 
each  T,otor,    each  accQler&tinfr  ?fite,   an3  each  i^ercent 
of   eoastlEc.   These   values    5o  not   clve   an;-  infprnj- 
atlon  es   to  the  ectual    Treating    of  the  motor  >ut   sre 
useful   in  deternilnins:  the  relative  heating. 
^  '      '"  "'^'-"    •    ■  COKCITJSIOSS.  '   ■' 

?roa;  the  .iata   ohtainad   frou.  these   curves   the 
follcwinfi:   sets   of   curves  rere   ].lctted    for  all   the 
a:otors,    oii  the    saica   curve    sheet. 

1.  Schedult    2,,e.ed   and    to^ver  Corieurn]tion. 
Constant   acceleration,    variacle    %  coasting, 

and   constant   SF.    per  ton. 

2.  Schedule   sjeed   and    i  ower   consuiirtion. 
W.^iarle  acceleration,    constant    f  ecastint-, 

and    constant  KT,   per  ton, 

3.  Schedule    sr-eed   aii5  pover  coneurrrtlcn. 
"^^^^o-^,*^*   «o<5Q^eration,    constant    %  cea^tin^, 

and   variable  7.^,    ^er  ton, 

4.  ?chedule    ai.eed    ana  /i^ean  I^~. 
Constant      acceleration  and   constant   t7,    jer 

ton. 
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These   curves   s'cow  tL©  test    Oj^eratint   poiots   for 
efech  motor.    It   ia  apparent,    tliat    since   tl:.ere  are   sev- 
eral verlacle   iftctors   to   be    coueldered,    all   of  w/.iet 
affect   eacr-  ofher,    it   is  neceBsar:'   tc   ocKsioer  t'r.«>ffi 
collectively.    Hence   tft©  necessity  for   curves   erov- 
ing  tte    siiLUltaneous   variation   of  all  veria'blft   factors. 
Tt©  i»eti-©4  ©f  plpttiag   tlieee   curves  is   self-eTldont, 
all  tr.e  necessary  acta   eelng  taken  froa  ts'fle  nxun* 
"ber  i»    SuffioieEit   aata  acd  curves  are  now  at  tend 
to  draw  tt©   conclusions  tT-;et   proiuvted   trie   Invtsstig- 
ation,    naatlyt   I'x^©  detsnu^^aatioi-.   of  the   scr.edule 
speed*    accelerating  rate,    p<>rcent   coasting,    and   sise 
of  motor  tl.at  vould  result  i^i  fuc?^  a   service  as 
r*uld   cest   accortulisl.  tie    o"b:.ects   cf  electrification, 
previcuely   stated.    . 

The  deteriLinations,    outlined  atove.    are   iro'bacly 
the  t^orit  iiiportant  part  of  the  report.   In  ij*aking  these 
deterniinatlons,    it   is  essectial    that   the    oh.iecta   of 
electrific&tlQiU  jj:r9viously   stated,    he  itejt   clearly 
It  laind.   These   otjecte.    together  with  the   factors   r.eo- 
osaary   for   their  attainuient,    are  restated   helovr, 
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1.  liCSEASE   13   TnACK  AIvL   Tfi-RMIMI   STATION    CAFACITIIS. 

(a)  Kiel  accelerating  rate. 
(c)   Hl£l.  ■braklnc  rete.  '     • 

(c)   K-ultiple  -ucit    eyster:,   of  cortrol,    "•'    ' 
'•  (d  )   TAs'r.-   ec'r.eawle    sjeod.      "  •'       '      -•  *  '    "■ 

2.  PEEUCTIOE    OF   OFEBATIISG    i:ZFEr.?ES.      '      •:''.•'-  / 

(«)   Eigt  fecd^ler&tltic  fete,  •     '    "      ' 

':''■'     ( c  )   '£±i:Y  'cre.'kink  rete.        •■  *'      '•     .  '  ''  . 

(c)   lo-r  schecnle   isvesd.  '■.-    '  -■  ,■   .    . 

!:■'■'■      (q)   larte  antouct    of  coasting,      ''        •■   '     . 

3.  H2IUCTI0S    0?  KAl2<TEIvA5CE   ZIFE^cSES.    ' 

.■.,'•      (a)  iClniiiiUEu  cuLter   of  iLotors  jer   car. 

(b)  Kinlmiai:  mm^er  ef  rector  care,  ' 

(c)  y.oierste  tr&Miar.  rate.      "  ^       . 

4.  IEC?IA?S   15   TPAFPIC. 

(a)   Increased    freoueccy   of   service. 

i'c.)   Beores?e   in  rates. 

(o)   Increase   ii;   j.oiulation  aue   to  isitroved   a»nrvioe 

(d)  Relif.cle    service.* 

E.    COMFIIAKCE  TITH   FGSSIBLE   FUTURE    CITY  OErirAECES. 
(a)   Electrlficatior   of  C"nic«.%o  tertLlnal. 
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lETEEillSATIOS   OF    SCEELULS   SIEEL. 
It   will    "be   noted   t?.et    the  matter   of   scnedulo 
speed   conflicts   ir;   several   instancee*    increase   in  track 
and   teriiiiiia.1   cejacit^'   calliEg   for  a   high   eohedule   and 
a  reductioti  in  oteratln^   eyj-enses   calling   for  a   low 
schedule.    The   lowest   liciit    for   the   schediile   ej.eed  BIR7 
he   set   &t   that    ohtelned,    fcl,7  ra.i.h,   I'.oreover*    the   fac- 
tor of  schedule   speed    is  rot    of  an;-'  great   liiiiortacce 
when   considering,   terminal    caiacit;;.    It   Is  therefore 
considered   advisahle   to  give   the  matter   of  ojeratlng 
ftxpetiges   gl'eateP  weight  end    to   adott   the  most   econ- 
omical sohecule   speed.    B7   "  Eccnonicel   schedule   speed* 
is  meaftt  the   97 ©ed  at  which  the   jo^er  coTieun-xtion 
has  a   reasonable   value*   and  above   which,    the   porer 
constanptiori  increases   at   a   greater  rate   than  the   s]  eed. 
By   a  consideration   cf   the   curves   on   £?heets  1  and    £, 
collectively,    a   general    idea   of   the    variation   of 
power  reqjjired   with   schedule   sxeed,    tLay   ee   for.-aed. 
These   curves  Indicate   that    the    cest    schedule   lies 
between  twenty-four  and  twenty -five  ailes  per  hour, 
•    ^  -  •   -  'SO. 
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rSTIP.nSATIOE   0?   the   HG:Aim&   FACTOr.S, 
Tl.B  factors  tere  refered    to   are;    accelerating:  rete» 
jercent    coasting,    and    size    of  notor.    It   is  readily  ap- 
parent  tiat   ttese   factors   are    so   inter-connected   that 
ttey  Ecuat   necessf'.rily   'ce   selected    siiLultaneonsly.    All 
t'ne   possible   coil cinat ions   of  these   tr.rae    factors   ere 
sr.own   on  the   curve    sheots  and   therefore   the   best   j. os- 
sicle  corucination  is  easily  ascertained  by   iD8i;eotion« 

Seference   to   the   curves   shows   that   there  are  at 
least   two   conicinations   satisfactorily,    as   far  ae   sched- 
ule  sjeed  and  jower  consumption  are   concerned.   These 
combinations  ares 

Motor  I0.5   --  acceleration  ^  1.7  -   25%  coasting. 
Motor  lo,t    --  Acceleration   ^  1.4    -   40^  coasting. 
The  later  combination  wes   the   one    selected  because 
of  the  moderate  acceleration  allov-ed,    and  also   be- 
cause  of  the   larcer  amoxmt    6f   coasting    obtainable, 
fith  the   1.7  combination,    the   difference   in  the   tiue 
taken    for  the  run,    with  0%   coasting  ate    vith  2.b%  coast- 
ing is   only   three    seconds   and   therefore   does   net   leave 
much  chance   for  making  Ui    time,    ^ith   the   1,4  com» 
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"blnatlor  fhe  difference  ic  fee   time  required  fcr  fhe 
run,  or.  0%   ar.c  4C^  coasting,  is  acout  7  seconae, 
vr-ict  joint  greatly  favors  t>-is  systea,  Botl.  coiLcic- 
atloBs  ere  operating  at  favoracle  joints  on  tl:eir 


"YiJ-ean  I*-  current  curves,  tie  1.7  comtin&tion  teicg- 
lower  in  value  iiowever,  than  the  1.4   The  joint  re» 
presenting  the  ooriitinatlon  selected  ie  indicated,  on 
all  the  curve  sheets,  by  a  double  circle. 

The  factors,  schedule  sjeeo,  accelerating  rate* 
percent  coasting,  and  size  of  motor,  having  been  def- 
inately  selected,  the  purjose  of  this  investigation 
has  been  accomplished. 
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BESIGE   OF    BLUE   ISIASL  POWER   FLAKT. 
CEICASO,  HOCK    ISUSE  AivE   PACIFIC    EAII^AY. 

Power  plant  design  involves   various   economiCf    as 
well  as  purely  enffineerinc:   conslderetiors,    eaci.  of    ' 
wtict  must   te  ffiven  due  weignt   in  order  to  approach: 
ideal   conditions.    In  railway  work  tie  qnestion  ot  re- 
liacility   of  service   is   of  jarajaount   importancej    a   c"!  i 
close    second  is   the  matter  of  cost   in   connection  with 
the  veneration  and   transnission   of  pOT^ier.    The   iteru  of 
cost   largely  deteriainee   the   success   of  the  pro'iect, 
since  sny   steam   road  electrification  is   exxectod   to 
show  increased  service  ecouoiiies  over  those   cctained 
in  the   corresponding   steam  operation*   These  econoK- 
lee  lEUst    at   least   balance   the   increased    fired   charg- 
•  8,    -iue  to  the  eleotylcal   investEQent* 

The  minimum   investment    in  generatinc   station   Is 
not   comp-atifcle  with  the   reoulrement    of  reliahility? 
In  fact    e:rperience   indicates   the  advisifclllty   of 
taVint"  every  reasonaole  precaution   to    insure   contin- 
uity  of  operation,    regardless   of  the   additional    cost 
involved.    These   statements  are  made   to   5'^stif;    j.oint8 
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in  design,    wliict  m&y  at   first    sipht    seen,  to   involve 
greater  expenditures  fhen  are  acsolutel;-    necessar:  , 
Afirer  the  preliK-inari*  deteriEinatloD  to   consider 
only  a   stean:  turbine  driven   installation,    tV.e  ]:riroipal 
protl^fc  preseilted    for  solution  was  tr.e    selection  of 
a   site  for  tte  proposed  station.   Tte  itain  factors  cov* 
ernlng    sucT--  a  propositlos  ar^  f>&   cost   of  land,    the 
availacle    supt.l;/   of  condensing  neater,    and    the   facil- 
ities  fcr  fuel    storage  and   transportation.    It   would 
Lave   teen  desiracle   to   locajre   approximately  at   the 
certer  of  the  load,    "cut  was  deemed  iredvisacle,    how- 
ever,   on  account   of  the  high  price   cf  land  and  the 
lack  of  sufficient  water  for  condensing  jurposes. 
The  use  of  high  tension  transiuission  of  power,    also 
la  a  larc  meastire  reduces  the  necessity  for  a   cer.tral- 
ly  located    station.    The   site   finally  chosen  fullflls 
adnilreatly   the   conditions  necessary  for  a   satisfact- 
ory  location.    It   is   situated   near  the    southern  end  of 
the   Bock  Island   suhurhac  division  at   Blue   Island,    111. 
and  adjacent   to  the   intersection  of  the   Caluiuet   Hiver 
and   the  tracks   of   the   Chicago   Terrcinal  Transfer  3ail- 

S. 
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way.    It   Is    several  V.uncrea   feet   cortl.  of  tV.e  jresent 
generating   station  of  tte  Eorfh   STr.ore   Electric   Co., 
and  atout   one-'^ielf  ::iile   e&st   of  fee   Sock    Island 
main  line. 

In  fne  preliirinary  design,    it   was   deterrLioed   to 
30  propcrtioxi  the  plfint,    as   to  provide  a    literal 
amount   of  room   for  tee  generating  and  auxiliary  aj- 
paratn?.    Tl.is   ie   ecetirely  allo^racle,    simce   tr.e   cost 
of  land   is   relatively  Iot.    and   liberality  In  this  res- 
pect  facilitates   opereting   and   results  in   decreased 
costs   for  revairs.    It    is   also  a   siKj-ler  matter  to  keeja, 
tte    statior    clean,    wLict  is   an   iraxortant   advactage. 

Tte  general  design  of  tlie  plsnt  provides   for  a 
toiler  rooiri,    a   turtine    room,    and  a   switch- l:ouee,    adf- 
l^oining  each  other  in   the   order  named.   Lorgltud- 
Inally   the  plant   extends   in  an  iviproxiitately  north- 
erly-   southerly  direction,   parallel  to   the    course   of 
the  river,    the  sT'ltch-house    cein^   locattd    en  the   river 
side.    The   layout   is   such  as  to   facilitfte  additions   to 
tile  proposed  pl^.nt  when  an  increase   ic   capacity  te- 

oomes  necessary,    a   symnietrical  arrangement   being  pro- 
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▼loed   for  wten  the   station  Tiee  reached   doucle  the   in- 
itial  capacity,  •■     -■  ■ 

The   locica.1  position  of  the   turlblne  room  is   il.ai 
nearest   the   river   ,    for   convenience  and   economy*  in 
the  layout   of  the  condenser  tuniiels.   Owing  to  the 
shaj.e  of  the  j>roperty,    it  w^p  fonnd   advisacle   to 
locate  the    switch-house   or  the   river   eide   of  the   tur- 
bine  rpoin.   The  boiler  rowL  is   situated   on  the  opjos- 
Ite   side   to   gain  the  advantages  afforded   by   the   larg 
fuel   storage  area  adiaeentj    and   to  permit   the  runsing 
of  a    spur  from  the  railroad   into   the    station  and   to 
the   stapage  area.    It    is   believed   that   the  arrangement 
adopted  irill    ereatl;-   facilitate   the    storaf;e   and   sub- 
sequent  handling    of  fuel.  r  ,-   ^  -,,  ,  .- 

In  the   jlans   for  the  buildings  no  esjecial   atten- 
tion ^t.s  given  to  archetectural   detaile,    other  than  to 
provide  such  structurae  as  ?.'Oula   fullfll   the  re(.uir- 
ed  conditions,   The  ntture  of  the   soil  neccssitatee.    in 
the   case   cf  the  heavier  constructior »    the   use   jillng. 
This,    in  connection  wjth  ponerete  footings  to  distrib- 
ute  the   lotd  raore   uniformly,    jroviaos   substantial 
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foundations.    In  so   fer  ae  prfecticable,    relrforced    con- 
crete  constructioii  of  floore,    roofs,   tunkers,   gal- 
lerya,   ate.    Is   to  te   eailoyed,    since   It    Is    far  rre- 
ferable   froa*  tie   st&cd-pointe  of  cost,    strength,   €,rd 
ability-   to  withstand   fire. 

Tte    toiler  room   1p   to    ce    136,5   feet   long,    74.5 
feet  wioe.    and  68   feet  "hlgy-.  througt  tte   ■bulldlns   cen- 
ter line.    Tte  addition   of   conveyor  rLorltors  "brings  the 
maxininn:  r.elgtt    of  building   to   76.6    feet.    A    £0   foot 
casen.ent   Ifj   j  rovided    for  the  fcCCOiMdetion  of  jlplnt   and 
euxilary  apjaratus.   At   the   northern  end    of  the   toller 
rooEi  ere  located   the    stacks,    two   in  ttumter,    which  are 
of  steel    construction  on  brick  bases.    The  height   of  bae 
base   is   63.6   feet»    sufficient   to  adcit   the   entrance 
of  the   breeching   froc  directl^^    over  the   boilers.    The     . 
inside   diameter  of  the    stack,    at   the   base,    is   19  feet, 
and  the   total  height,    ebove   gretee,    is   £00   feet.    The 
turbine   rooc:   1?^   136.5    feet    long.    66.5    feet   Tide,    76    fe« 
feet  high,    and  tap  no   b^sen^ent,    the   titrbine  rooic 
floor  being   on  a   level   rith  the   b£ser:;ent    floor   of 
the   boiler  root:.    The   svitch-house   is   loettfd  ad'iacent 
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to   the   norti-;   end  of  tte  turclns   room.   It   is  r^4. 5 
feet   wide,    60.    feet   Icn^,    and   65   feet   tl^l.   It   Is 
divided   into  three    etories   for   tLe  accoii-edatioE   of  the 
tus  "bars,    switchicg  and   jrctective  a]|f,r&tuj?.    The 
cuildincs  are  literally  provided   with  side  ard  erid 
windows,    arid  Oionitors   for  the   juriose   of  v<^i:tile,tion 
and   lighting.  "'     -■--■■-•— 

The   installfitloL    of  aijevfctue   is  haped.OE  the 
unit    s:*3teTc,   modified    sufficiently  by   the   introduc- 
tion  of   cross-connection   to   rericly   take    care,    of  er:- 
ercer.cies  vhlch  relfht   ariee.    It    the   turtire  room, 
the  r^ein  auxiliaries  telcnging  to  g  i^nlt   are   t,roo]ed 
about   it  and  the   loilcre   sU;jlyicg  the  unit   are   lo- 
cated  directly  behind   it.    The  iLtin  auyilaries   include 
surface   condensers,    centrifugal    circulating  juiL;[.e» 
trixler   &ir  tun:]:  s,    hot   wells,    boiler   feed   pxiCits,    and 
et©]'  hearlns-  j[.imTs,    Ie   the  basement   of  the  iboller 
roon.   sre   located    the   feed-?-at^r  heaters,    oil   filters, 
aceuTi-itiuletora,   and    emergenoy    stej.    befirinc   junixs.    The 
arrangertcnt    is   designed   to    slu.vi5.fy   the   lijiufc   de- 
tails   £0  as  tc  lessen  the    cost   of  installetlcn  end 
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ttaintenatice,   and  to   facilitate   ojeretlng,    esjecial- 
ly   in  emercenciee. 

In  tl.©    case   of  fhe    aujrillar;-   elect>'ical   e  : nip- 
merit    fhe  arrengeineEt    is   siiLilar^    fhe   exciters  ard   ex- 
citer panels  "beint,'   located   cpj.osit©   to   tti^ir  respec- 
tive generators.    Tte   la^-out   of  tne    switcli-liovise   is 
fuci:  as  to   provide   for   tl.e   sutdivision  of  tue   total 

output   of  tte   station  into  fhree  parts,    to   "be   oper- 

«...  .._/  .^1.      .,» ..     ,     ■    . 

ate5   separately,    d1»  to  >e   Taralleled  as  reoulr©5. 

'     In  tl:e   eelectior:   of  apparatus,    tl:e   cest  mcdern 

'  ji  fact  Ice  was  follov/ed.    The   determination  to  use   eteam 

•  turVinos   instead   of  reciprocating  engines  as  prime 

movers  va.8  "based   upon  the   former's  well  recognized 

advant&gus   in  the  itatter  of  first    cost,    aiLOunt   of 

floor   sjace   required,    Isbor   necesearr  to   operate,   and 

increased  purity   of  "coiler  feed   v/ater.   Another   ic- 

pdrtant   considerfitloT.  Is  the  high  overload   capacity 

of  the   steam  turtine   comcined  with  uniftrrcly  high  ef- 

flciency.       "  " 

A  turbine   installation  circprises   three   inits   of 

the   Curtis  type   rated  at   4000   Ew.    each.    Allovring  50% 
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OTer  lo&d   oapacltj'   the  n-axiiiiiuu  load  on  tLe   station 
for  one  hour,   may  "be  18000  EW,   Tie  turcinee  are  five 
stage  tuacLlnee  discix£'.rgin,g  into  base   condensers  of 
the   surf f  ce   tyre.    Station  economy'  ia- ilie  matter  of 
"boiler  r^ieirs,    fuel  econprn^j   and  reliability  and 
life  of  fhe   coiler  plant   dejends  to  r.   larg-'.eytent   upon 
the   choice   of  condeneer*    Ih^se  it.©»8,   ie  conn^otion 
nrlth  the  higher  vacuurc   oTctaluatle  with  surface  con- 
densers than  with  otjidr  tyjes*  fiud  the  iietersinetioii 
to  exclude   c.conoii.izer8,    decided  the   choice   in  favor  of 
the    surface   condenser.  ^  .         , 

The   generators  are  3- phase,    £5   cycle,    13,500   volt, 
star  connecteo   machines,^  feeding   directly   into   th« 
transmission   systeiL.    The   frequency  ras  determined   "by 
the   fact  that  the  energy  is  su.i)^li©d  to  a  railway 
load   through  sy;^chronous   convert-ers,    which.    In  general, 
operate  n-ors   satisfactorily  on  a  lov  fre<5|,ueney«  The  use 
of  high  voltage  machines   eliminates   the   necessity   for  ' 
step-up  transfonaera  stnce  t'm  dist&aee  of  tranemies- 

n  ^  .      .  ....  '  .        I         . 

ion  is   co:uparatively  si  ort,   and  rceterially  improves 
the  regulation  and  eificlencj'  of  the   syettiB. 
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Tlie   steam  auxiliaries*   located   in  the  turcine 
roorut    consist   4f  a  22»iEoL  ceiitrifugal   circulating 
puii:p,   ar  Edward?   trijler   vacuxm  jtunp,    and  an  outside 
packed  plunger  type  'boiler-feed  pumj.   All  thi9  atjar- 
atup,    Ircludlnc  the   ster-tearlnr  purtp,    i?   steam  driven 
with  the  e-ceptlon  of  the  circulating  piucp,   vhich  ie 
motor  driven.    T^e  installation  of  steeiu  driven  auxil- 
iaries wee  made  In  the  Interests  of  econoffiv,    their 
exhaust   steam  'beinsr  used  to  heat  the  idler  feed  water, 
after  which,    it   is  discharged   into   the   sewer.    In  addi- 
tion,   the  Initial   cost   of  Ft earn -driven  is,    in  general, 
less  than  that  of  motor-driven  auxiliaries, 

fhe  step-'fcearing  on  the   turhine  ir  luhricated  tj 
•11  «t  e  pressure  of  900  pounds  per  square  inch.   To 
elirclnste   the  possihlllt^  of  caffiBfi:e   in   case   of  a  "crealc- 
down  of  the  .stsaiE  driven   step- tearing;  punp,    an  eruer- 
sency  triplex  pUEp.    rto tor- driven,    is    installed    in  the 
haeaiLent   of  the   boiler  r&oic  and   is  arranged   to   start 
automatically  upon  a  preSetermlned  decrease     In  oil 
pressure.    Accumulators  are  also  installed   In  the  holier 
room*    which  are  designed  to  maintain  the   oil   r res sure 
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on  tte   step  wtile   tte   unit   Is   teing   enut   fioTn. 

The  excitation  for  eact  of  tie   ceneratore   is   sup- 
lied  by  a   50   LT.    induction  rnOtor-driveri  exciter, 
whlol:  receives   energy   from  a   S^jhaee   stei-dowr  trans» 
forcer  located   in  the   girltcr-hoTige.   Tb  case  of  troutle 
wltl-  the  motor  arlvec  ercitere,   a   250  FT,    steam-driven 
I.e.    ereneratet  lHjiillli.'ble   of  talcine  fhe  entife  e^eit- 
ation  load  in  addition  to  tLe  norncal   statio  n  power  and 
and  lighting  load.      ^--: '^^ '- ■^^-    -   ■  .'' 

The   cooling  vrater   fftr   the   coxidenserB  is   supplied 
fyoffi  and  discharges  into   concrete  tunnels,    ninnlnf- 
throuth  the   center  of  the  turhine  rooo:.   The  Intaie  tun- 
nel  receives  Its  water  t'h^ous-'h  a    screened   Intalte   on 
the  upstream  side.    A   daxci  is  provided   to   jrevect  any 
of  the  wfirm  dlscharsre  'rater  free  the  afi^iaoent   outlet 
tunnel  "beiac  taken  through  the   intake*    " 

The   oil   filterine   system  for  the  plfnt   is   located 
in  the    casement   of  the   'boiler  room,    rr-ich  also  accoit- 
adates  the   feed  water  'beat§?'s.   The  "ccilere  on  tl-.e   floor 
etove  are   in  tvo   rows  parallel   to   t'r.e   turbine   rooK 
and  are  twelve   Ir,  nucter.    Tie  four   boilers   supxlyin^ 
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eacl:  unit    coEplst   of  t^'o   olrectl^   tetlnd    fhe  nclt  and 
tta  two   "boilers  onoeito,    Tl:e   'hollers  sre   o?  tee   Bt"!:- 
ccci  and   7'llcor  rater   tute    tv^e,    rated   st    600  E.P.t 
and   ere    equipped  Tith  suj erteaters  designed  to  ralBe 
tne   teiLTtrture   of  tr.e   stesiij   tc   350   decrees   sujerheat. 
Thie   decree   of  sujerl'-efct   le  adopted   tc  prevent   trout! e 
rticujin   t'r.e   case   of  excessive   te^.pertnres,  is  likely 
to    occur     T'itl.   flanged   ^iclnts,    vslves,   end  in   the   steaci 
©jlindera   of  tne  aujrillarios.    Tr.e   leyout    of   coilerei 
is   3UCU  t'.s  to  reduce   to  a  miniiLUic   the  art  cunt   of  pip- 
ing acove   the-m   and   to   creatly   sircilify   th©   general 
plpinc  arranfrernente.    -^'^v  .'    '■5   •       ■'    ',.  ^    '■•'.■■       ■i    ,  '  ,. 

Tee   'boilers  are    supjlied   from  two  rovs  cf  concrete- 
steel    ■'ctinkere  directl:'  a'hove.    Tl'.cse  tuckers  r-sve  e 
etoraere   cait-. cit7   sufflciGr^t   to    carry   tr.e   riant    for 
four   days.    T"hey  are   eujjlied   ty  a   ccnveror  system  lavlg 
having   sn  T.ourly   cai^aoity   of  ?5    tens  eacl..    The   boilers 
are   ea-alpped  with  autociatic   stokers   of  the   chain  grate 
type,    driven  by   small    engines   which  tre  located   on  over- 
head  platforiLs  at   each  ei:d  of  the   firing  alley*.-  , 

The   ashes  and   fine-    coal    frorr.   the   grates  are   receivi 
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ed   In   sej^&rete  bunkers   in  tl.e   Tds  geirent   wnlct  ciecr.arg-e 
into  tie   oonveyors,    ana  are   transfered    to   tT:e   jrojer 
■bunkers   in  tr.e   train   shed,    adjoining-  t!he   boiler  roorc. 
Tte   asfc   bunkers   in  fhe   train  sled  are  arranged   to   dis- 
ctarce   tr.eir   contents   directlv  into    cars   below.    Tl.o 
ooal   ie   received   in   tl:e   i?&me   stel.    Coal   delivered   in 
dmiip   cars   ie  euijtieo.   into    r.opi-er-s  dlrectl;-   beloTS",    tvom 
vliicL  it  runs   tlrou^b  e.   ;i.ot or- driven  cruslier  onto  tne  c 
convenor.    If   tue    coal    is    not   in  duii-p    oars^  it    is    rand- 
led   by  a   one-ton  grab   bucket,    operated  electrically 
fron.   an   orerbead    traveling   crane,      .-S    •"■:'"■     .. 

Tte   electrical   eouipment   located   in   fhe    anpitcr- 
bouse   Is  controlled    froa  an  enclosed  operatlrs:  gallery 
on  tbe   east   wall   of  tbe   turbine   rooa.    On  tbis  rcallery 
ly   installed   tne  main  switcbboard»    con.rripinc   gener- 
ator,   line,    and   transforicer  panels,    Tbe    svltcbboerd 
gallery   co;:-/anica^,e6   directly  wit':,   tbe    second    floor 
of  tbe   8-witcb-bouse  and  affords   tbe   operator  an  un- 
ocetructed  view  of  tbe  entire   turbinti   rood,        i 

Tne   tener&tor  leads  are    carried   in   bituTLiulsed 
fibre   ccaduit,    lfi.ld   in   tbe   baseruent    floor,    to   tbe 
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main  generator  oil    switcl^ee,    wtlcr.  are   located   or  fhe 
main     floor   of  tte   switcl-ViOuse.    TTue  generttor  switch- 
es  contect   througl  selector   ewitclea   to  two   complete 
sets  of  main  bus  "bars  whict  me.j  "ce  operated  indepen- 
dent 1^'   or   in  parallel.    The   cus    cars   tLen  cotiDect   trroid} 
selector   evitcl-es   to  tr:e  main  line   switcliea  oi'  tlLS 
ttree   transmissior.    circuits.    Botl.   sets   of  ii,tir.  "rus   bare 
are   also   provided  witr.   cue   ^lunction   svitches   to   take 
care    of   situetior-s   demanding  fhe   sejarete    oreretion   of 
lines   or  units.    Tne  errangenient    is   intended   to  pro- 
vide  for  tee  rnaxiK^ur:.  reliability  and   fleribilitj   of  op- 
eration. 

The    switcl:inK-  eo^^ipn^^jnt   is   solenoid    operated   end 
is   controlled  directly   froixi  tl-e   generstor  and   line 
panels  on   tne   switchboard   caller;-. 

In  addition   to   the  generator   switches   the   first 
floor   of   the    sv,itch-house   provides   for   the    irstalle- 
tion  of  the   200  IT,    transfonrer   supplying   power  to   the 
eyciter   sets,    the   generator  field   rhocsttts,    and   tie 
neutral   cround   resistance.    The    second   floor  accoiuadates 
the    selector     and    ^amction   switches  and  iLaln   bus   bersi 
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tl-:e   tr.ird    ,    the  line    switc"has,    el.oi:e    colls,    and 
llcttenlng  arresters.    T1:b   traEsicissior!   circuita   are   le4 
out   of  the   »6tatl:erii  wall   of  tlie    switch- house   throuct 
glass   bulls-   eyes   to   the   lines   rtich  rui.  vest   to   the 
Boet  Islarxd  flcht    of  is&v.,    '.    • 
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CR.I.fP.  RY.  MOTOR*/ 
SPEED -TIME  CURVE*  TYPICAL  RUN. 

- 

4  C>fR  TRAIH  ff  ^"^f^^^l  I&1S  TONS/MOTOR. 

oC=        m./HR./SZC.        B.R.=1.5MI/HR./S£C. 
afc'WHEELS       too  VOLTS     ^tfS£C.STOPS. 

COASTING 

0  <^          £5'^ 

407^ 

SCHED -SPEED 
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,-  ■  -  -  V . 

WT.  MRS/TON  Ml. 

«?2,.5-    ,    *.  /- 

as. 
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C.R.I.+  R  Ry.  motor"/ 
SPEED -TIME  CURVE  +  TVPICflL  RUN. 

«  =/.  ■  r-  M  l./HR./SEC.        B.  R .  =  1.5  M//H  R./SE  C. 
afWHECLS       too  VOLTS     20  SE.C.  STOPS. 

CO/ASTING                       0  0^ 

ZS'f. 

407^ 

SCHED. SPEED             "^  '       J 
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C.R.I.+  P.  RY.  MOTOR*/ 
SPEED -TIME  Cl/RVE*  TYPIC/M.  RUN. 

4  C.«  TR..«  {f  ;;;j^^3}  >a.-rs  TONS/MOTOR. 

<X  =/  7  M  I./HR./SEC.       B.  R  .  =  1.5  M//H  R./SE  C. 
Ofc'WHECLS      too  VOLTS     £OS£C.STOPS. 

COASTINa 

O  c/o 

ZS'/o      407^ 

SCH  ED.  SPEED 
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wt.hrs/tonmi. 

^3.6' 

I^^9^9BI 

VMEA^  J'^ 

S^.2~ 

^<^^     ^.3 

AJRMOtJH 
jtMSTlXTJTE  0*> 'JTSl  ttJN01.oeX 


fljaaiotna 

,1  Anw  HX. 


/!?. 


c.R.x.+p.  Rr.  motor"  2^ 

SPEED-TIME  CURVE*  TVPIC/^L  RUN. 

4C^R  TR/»I«-  ,^„,,,^„^      (8.7J  TONS/MOTOR. 

<K  =/,/  MI./HR./SEC.       B.R.=I.5  MI/HR./SEC. 
Ofc'WHEELS       too  VOLTS     20SE.C.S70PS. 

COASTING 

O  «?^ 

zs-^. 

407^ 

SCHED.  SPEED 

2.^,7 

JZ2.3 

2./. 

WT.HRS/TOMMI. 

..-  Z.3 

^m\ 

Vmean  :!•' 

:-'<■-*,  ^/ 

B^B^Sufll 

,>.j|.nw.a.HX. 


ASMOTTB 
JCNSTITOT33  OF  TBCHJMOI-OaX 


— IHM 


C.R.I.+R  Ry.  motor" ^^ 


SPEED-TIME  CURVE*  TVPIC/^L  RUN. 

4CAR  ^'''*"*' £,--., I  f-~e  'aiJ"  TONS/MOTOR, 
ot  =/3^l/««/SEC.  B.R.  =  1.5  Mi/HR./SEC. 
Ofc"WHE£:LS       too  VOLTS     20  SEC. STOPS. 


COASTINO                      O  «?o 

25  •^ 

407^ 

SCH  ED  SPEED             .2J2- 

■2^/,S^ 

z-o.g 

wr.  HRS/TONMi.        C^iS" 

J^ 

¥-7^& 

III il II III  1 —HI  il^ 

rrfralffTdB 

AKMOtTB 
INSTl-i-OTE  OP  TECHNOl-OaX 

A.l.ittv.ri?.  ax. 


XNS'i.'ia.'UTB  or  ■nscaNoi.ottX 

,1  ,I,HI«)*B*. 


C.R.I.+R  Ry.  motor". 
SPEED -TIME  CiJRVE*  TyPIC/M.  RUN. 

«  =/.yMl/HR./SEC.       B.R.  =  I.5M(/hr,/SEC. 
3fc"WHEELS      too  VOLTS     20  SLC.  STOPS. 


-25 -^        407^ 


^^.?      2^./ 


^^     ^^.J 


C0/A5TING 

0  <5;^ 

SCMED  .SPEED 

-2<?i=?-^  • 

WT.HRS/TON  Mi. 

VMEAN  JT-' 

<";■? 

AitBtotra 

lHaTLTUTS  OFT]SCHNOi.O«»X 


AJtMOtra 

ijsjSxixoxE  or  ■ruciLNoi.oax 


C.R.I.H-P.  RY.  MOTOR*  3^ 
SPEED-TIME  CURVE*  TYP\C/\L  RUN. 

4  C.«  TR..-  (f  ,7,7,^^3]  'a.7^  TONS/MOTOR. 

oc  =/,infll./HK./SEC.        B.R.=  I.5MI/HR./SEC. 
at'WHECLS      taO  VOLTS     £OS£C.STOPS. 

COASTING 

0  <rfo 

ZS'fo 

40^ 

SCHED.5PEED 

^3.^ 

X3, 

Jr2-5 

IIBlfUHBWflMI 

^SBMl^SKsaagsm\ 

V«EAN  j:-" 

7"^,^ 

1/,S~ 

_      _           S.flS. 

AJtBTOtrH 

HXSXixtixE  or  rBciusroi-oax 


AHMOtTH 


SPEED-TIME  CURVE*  TYPICAL  RUN. 
.c.«T«.m{f;;;,J^,3].fi.7.To«s/Moro.. 

oc  =yJ^MI./HR./SEC.        B.R.=  1-5M//HR./SEC. 
Ofc'yVHEELS       too  VOLTS     20  SEC.STOPS. 


COASTING 

O  </p         ^5  ■/. 

^-o/p 

SCH  ED.  SPEED 

7^.<^    J^7.3 

A/.^ 

WT.HRS/'''''"'^'- 

^.;       ^^;<f 

c5^<» 

/mean  X- 

,'^.  'f'                 lk>  -5'  ^;> 

^.a. 

AKMoxra 


|ii||jfiiiiiii 


-T  ^TTf  TTTT  Trir  ^  ^ 


AHMOTJH 


C.R.I.+P.  RY.  MOTOR*^.:- 
SPEED-TIME  Cl/RVE*  TYPIC/^L  RUN. 

4  CAR  TH<^I«  ■(,,_.   ,  ,„_  I  /a.7J^  TONS/MOTOR. 
1.2  TRAILER  Sj                       ' 

«  =//  MI./HR./SEC.       B.R.=I.5 MI/HR./SEC. 
afWHECLS      too  VOLTS     £0  SEC.  STOPS. 

C0>AST1NG 

O  <^o 

ZS'f,      4-07^ 

SCHED. SPEED 

^^ 

^^^Bl^l 

WT.HRS/TONMl. 

c^v.   ^ 

r^.^s"  ^^/ 

Vmean  j:-' 

'2.(^ 

i.ni. 

ABjsTotra 


ASMOXTB. 


C.R.l.-f  p.  Ry.  MOTOR*  --^ 
SPEED -TIME  CURVE*  TYPIC/^L  RUN. 

4  C.«  TR..«  {f  ;;;j^^3]  /a.7^  TONVMOTOR. 

«  =/^MI./HR./SEC.       B.R.  =  1.5MI/hR./SEC. 
3fc  "WHEELS      too  VOLTS     20  5£C.  STOPS. 

CO-ASTING 

O  <5^ 

ZS'f. 

4-07^ 

SCMED.3PEEB 

^v/S^ 

>3,i> 

/-"J" 

yvT.HRS/TOMMi. 

<^i.Q 

7XS' 

^<P 

VMEAN  j:-' 

f^,^ 

<PJ^> 

AjRMotra 


C.R.I.+RRY.  MOTOR*   -^^ 
SPEED-TIME  Cl/RVE*  TVPIC/^L  RUN. 

4  CA«  T«..«  {f  ,7,7,^   s]  '«  W  TOKS/MOTOR. 

«  =/'  iMl/HR./SEC.       B.R.= 1.5 M)/HR./SEC. 
Ofc'WHEELS      too  VOLTS     20  SEC. STOPS. 

COASTING 

O  c/o 

ZS'f.       4-0  7i 

SCMED.  SPEED 

y'3.2> 

E^m^sa 

WT.WRS/TONMi. 

73':^ 

K£Kllg&ll2 

yWEAN  i» 

7<^,  *? 

i^BiK^lB 

AKMOtTH 
XNSTIXUTE  O*  •nBCHNOl..jc«lC 


AKMOtlH 

DJSTia'OTE  OPTEOKNOl-oai 

t.LttUAJttX, 


C.R.I.-fP.  RY.  MOTOR* -5;^- 
SPEED-TIME  CURVE*  TYPIC/\L  RUN. 

4  C.«  TR..«  (f  f;;,°^R5]  'a.7^  TONS/MOTOR, 
oc  =/,  , ' M l./HR./SEC.       B.R.  =  1.5  MI/HR./SEC. 
3fc  "WHEELS       too  VOLTS     20  SEC.  STOPS, 

COASTING                        0  <^ 

ZS'^o 

407^ 

SCHED.5PEED           J^-v'.    </ 

^■¥ 

73.^ 

WT. HRS/TON  Ml.     .      /•'^^3 

^,/ 

^7% 

/mean  J'            ,-  0  ) 

:     \ 1 

S.fl.S. 

AHMOtTH 


AHMOtTH 


C.R.I.+  P.  RY.  MOTOR^    "' 
SPEED -TIME  CURVE*  TyPIC/^L  RUN. 

4  C.«  TR..«  {f  ?;,7,^«3]  'a-'^  TOKS/MOTO^. 
«  =//  MI./HR./SEC.       B.R.  =  I.5  MI/HR./SEC. 
Ofc'WHECLS      400  VOLTS     ^OSEC.STOPS. 

COASTING                      O  it/o          ZS'/o 

40  7i 

SCHEDSPEEV            ^'c:>. '^        7M  ,-^ 

;^^V' 

WT.  HRS/TON  Ml.     //J,  1       /  6  f 

b^ 

V«EAN  j:-              /..:■  y  ,y    /,">^'  P 

ami 

AjaMOtTH 
,l,.JLnH«KX. 


a-SMOCTR 


C.R.I.+  P-RY.  SiOTOR    ^ 
SPEED-TIME  CURVE*  TYPICAL  RUN. 


4C.«T«..K{f;;;°^,,],6..T0«S/M<.TO.. 

oc  =/.  fh\\./HR./SEC.       B.R.=1.5  M)/HR./SEC. 
afWHECLS      too  VOLTS     £0  SEC.  STOPS. 


a.HLMO(TH 


AWMocra 

jUfaTlTO'Jl.E  Oi.-ilSCHNOi.OutX 


AKMotra 

maTl-JL-VVE  at    I'SOJECNOt.ovtZ 
,I.AO«*»«X. 


C.R.I.+  PRY- MOTOR     ip 
SPEED-TIME  CURVE*  TYPIC/^L  RUN. 

*  CAB  TR/lIN  Z^**""^""*       1  /a.7J  TONS/MOTOR. 
:  =/,  /  MI./HR./SEC.       B.R.=I.5  MI/HR/SEC. 
3t"WHEELS      too  VOLTS     £0  SEC. STOPS. 


AstMotra 


iJJSXl'JfUi'lS  Oir   |-KOBLNUl-«j«*X 
l,l,»rc*nj[. 


C.R.I.+  P.RY.  MOTOR 
SPEED-TIME  CURVE*  TYPIC/^L  RUN. 


JtNSTiXUTlS  O*    iTSCHMCH-uCtr 
,I.A»,K,«J«X. 


ARWOtTH 
i-lflKit.KX. 


C.R.I.+  P.  Ry.  MOTOR 
SPEED-TIME  CURVE*  TYPIC/^L  RUN. 


""o  fAm no        * 
4C/IR  TR/lIM     ,^-.,,„__      /a.7J  TONS/MOTOR. 

oc  =  ■;  1m I./HR./SEC.        B.R.  =  1.5  MI/HR./SEC. 
3fc"WHE£LS      too  VOLTS     £OS£C.STOPS. 


CO/ASTING 

0  <r/'c 

ZS'^. 

40  7i 

SCHEfl  .SPEED 

;?^^ 

^3SmE^k 

WT.HRS/TONMi. 

■'^/^d- 

hy>c> 

;^r/ 

IH^^SIH 

'  \v- 

//7-r 

s.«  s 

XNSTI'rUTJi  O*  n£CMNOl.u«»X 
i,xna  A  tfX. 


KSMOXm 

iSSTlTOTE  OF 'iatOHNOL,0<»X 

,I,AHK4WX. 


■ 

t 

MOTOR.*  1- 
Ofo    CO/»STJ/>lft 

zsV» 

/Zi.(. 
JZf.2. 

133.9 

Jf.9 

3(.(. 
J4.S 

MOTOR  ^^. 

/50.S 
/33. 

37.3 

33- 

33. 

40^/' 

/J?S 

M0T0R*«3. 
0  5<  COAST INCr 

IZZ.S 
/ZH.9 
/Zf. 

3i. 

M0T0R*4. 

o5<co/»STiN<;^ 

2  5?^ 

11%  f 

tzzi 

/Zi. 

¥3. 

3fi 

37.S 

MOrOR*S- 
07^'  COASTING 

40"/' 

//J.  7 
US.i 
/i.0 

vri 

MOTOR^t. 
OT^CO/JSTINOr 

//J- 

//ze 

'it- 

1 

UISTITDTE  0B"ja;aHN01,0<»X 


AHMOtTB 


AHMOUH 


iMSTIXPTE  OJ<  i"JJClLNOl-o«*X 


ATtMfXTB 


AWMOtTB 
tSSUXVTE  Ot    llSCDLNUi.   .OX 

.i..i.rm*«x. 


i.inif.ajtJC, 


Li 


ASMOtJB 
£NSIIXUT£  Of 'XXCnECNOI.OUX 


AHMOTTH 

jOjauxcTE  OF  •nscHNOi.owit 

ill""'"*'' 


ABMOTTB 
UIS'XiaCUXE  OP  J-BCaNOJ-OtJi 


^pfv*^-" 


^^-'-'r^ 


^^■m 


M^i*^, 


-}mx^^ 


f^ir^r-^  V 


>^  -^V. 


'-'■  -y-:-'^ 


,f^^Y#::' 


■^^MMtJAff^'  >,,':' 


;^> 


•V';  J^    il    -,.'•■  -,7 


